Response surface methodology was used to predict the optimum conditions of explosive puffing process for ginseng. A central composite design was used to monitor the effect of moisture content and puffing pressure on dependent variables such as functional compounds (extract yield, crude saponin, acidic polysaccharide, and total phenolic content) and sensory properties. Correlation coefficients (R 2 ) of models for crude saponin, acidic polysaccharide, and total phenolic content were 0.9176 (p<0.05), 0.9494 (p<0.05), and 0.9878 (p<0.001), respectively. Functional compounds increased with decreasing moisture content and increasing puffing pressure. Overall palatability was high at 15-20% moisture content and 98-294 kPa of puffing pressure. On the basis of superimposed contour maps for functional compounds and overall palatability of puffed ginseng, the optimum ranges of puffing conditions were 10-17% moisture content and 294-392 kPa puffing pressure.
INTRODUCTION
Ginseng (Panax ginseng) has long been used as a traditional drug in oriental medicine. Functional ingredients in ginseng include saponins, phenolic compounds, polyacetylenes, alkaloids, and polysaccharides [1] . Raw ginseng is processed into white and red ginseng, to improve its shelflife and efficacy [2] . White ginseng is usually airdried raw ginseng, while red ginseng is usually made by first steaming raw ginseng and then air-drying it [3] . Red ginseng is known to be more pharmaceutically active than white ginseng because the steaming process produces different vital compounds that are not present in white ginseng, thereby enhancing the biological activity of the ginseng.
Puffing is one of food processing method that weakens the binding forces in plant tissues by heating treatment, and therefore facilitates the solubilization of functional components. Furthermore, the original structure can be broken down during the puffing process due to an increase in specific volume of moisture or gas in samples [4] [5] [6] . Among food processing methods, high-temperature and short-time puffing processes cause various changes in foods and herbal medicines such as starch gelatinization, denaturation and texturization of proteins, enzyme inactivation, destruction of harmful substances, changes in ingredients, and deodorization [7] [8] [9] . Puffing is usually used for cereals and beans where key points in the degree of volume expansion are the momentary changes in temperature and pressure [10] . During extrusion process, a variety of steps, including mixing, cutting, heating, forming, and drying, occur within a short time [11] , where high temperature, pressure, and shear rate can facilitate the increase in soluble components [12] .
In the case of ginseng, formation of the unique red ginseng components, such as Rh 2 , Rg 3 , Rh 1 , and Rh 4 , were reported after extrusion [13] . Puffing process changes the physicochemical properties of the components, such as starch gelatinization and tissue expansion. Therefore it is being applied for producing a variety of food product to improve taste and texture. Although ginseng shows various physiological activities even without appropriate processing, the bioavailability tends to be very low as the structure of the cell walls is tough and rigid. Generally, steaming or roasting methods are inefficient for changing the microstructure of ginseng. Different studies revealed quality properties and moisture absorption of puffed red ginseng [9, 14] . However, no study on puffing raw ginseng has been reported yet.
Moisture, the driving force in forming air holes during the puffing process, and puffing pressure should be carefully considered in the process. Thus, the present study was performed to monitor the effects of moisture content and puffing pressure on extract yield, crude saponin, acidic polysaccharide, total phenolic content, and sensory properties by using response surface methodology (RSM) to establish optimal puffing conditions.
MATERIALS AND METHODS

Materials
Four year old ginseng roots were purchased from the Punggi wholesale market in Korea. The ginseng roots were washed and cut into 2 mm slices.
Puffing procedure
The sliced ginseng was dried at 60 o C for 24 h. To get desired moisture content (5, 10, 15, 20, 25%) , the dried ginseng samples were sprayed with appropriate amount of moisture and were placed in airtight containers for 24 h. A rotary puffing machine (capacity: 5 L, maximum pressure: 1470 kPa; Jeil Machine Co., Daegu, Korea) was used. The screw speed and puffing time were 50 rpm and 10 min, respectively. After adding samples (500 g), explosive puffing was carried out on desired pressure (98, 196, 294 , 392, or 490 kPa). After puffing, the product samples were cooled to room temperature, ground with 80 mesh, sealed, and stored.
Response surface methodology RSM was used to investigate changes in ginseng components after puffing raw ginseng. RSM enabled the evaluation of the effects of many factors and their interactions on response variables. Thus, RSM is a collection of statistical and mathematical techniques that have been successfully used for developing, improving and optimizing processes [15] . Based on a central composite design [16] , 10 experimental settings were obtained by independent variables, such as moisture content (X 1 : 5, 10, 15, 20, 25%) and puffing pressure (X 2 : 98, 196, 294, 392, 490 kPa). The actual variable (5 experimental levels, -2, -1, 0, 1, 2) was coded to facilitate multiple regression analysis ( Table 1 ). All statistical analyses were performed using SAS software (ver. 8.0; SAS Institute Inc., Cary, NC, USA). The dependent variables (Y) were extract yield, crude saponin, acidic polysaccharide, total phenolic, and sensory evaluation. The quadratic regression model equation for the dependent and independent variables could be predicted as follows: Y = β 0 + β 1 X 1 + β 2 X 2 + β 11 X 1 2 + β 22 X 2 2 + β 12 X 1 X 2 , where Y represents the dependent variables, X 1 and X 2 are independent variables, β 0 is the intercept, and β n is the coefficient.
Extract yield
Distilled water (100 mL) was added to a puffed ginseng sample (1 g), and then the mixture was extracted at 95 o C for 2 h. After the extract was filtered (Whatman No. 41), it was adjusted to 100 mL. To measure extract yield, the filtered extract (20 mL) was placed in a container and dried at 105 o C. After drying, the weight was measured. The extract yield was calculated as follows:
Extract yield (%) = [weight of sample after drying/sample weight (dry basis)] × 100.
All treatments were carried out in triplicate.
Crude saponin content
The crude saponin content was investigated according to the methods described by Namba [17] and Ando [18] . 5 g of ginseng powder and 100 mL of 80% methanol were placed in a round flask and extracted in a water bath at 80 o C for 2 h. The extraction was repeated four times. The extracted samples were filtered (Whatman No. 41), centrifuged (8,000 rpm, 20 min), and evaporated. The evaporated residue was dissolved in 50 mL distilled water and washed 2 times with 50 mL diethyl ether to remove the lipids using a separatory funnel. The aqueous layer was extracted 4 times with 50 mL of water-saturated nbutanol. The butanol solution was washed twice with 30 mL distilled water to remove impurities. The remaining butanolic solution was transferred to a round-bottom flask. The solvent was removed using a rotary evaporator at 55 o C. After evaporation, the flask was dried at 105 o C, cooled in a desiccator, and monitored until constant weight. This weight was then compared to the original weight of the empty flask. The weight difference corresponded to the amount of the soluble solids (crude saponin) of the sample.
Acidic polysaccharide content
The acidic polysaccharide content of the ginseng was analyzed by the carbazole-sulfuric acid method [19] . In 0.5 mL of ginseng extract, 0.25 mL of carbazole and 3 mL of conc. H 2 SO 4 were added and mixed at 80 o C for 5 min. The mixture was cooled to room temperature and the absorbance was measured (UVmini-1240; Shimadzu, Tokyo, Japan). β-D-Galacturonic acid (Sigma-Aldrich, St. Louis, MO, USA) was used as a standard.
Total phenolic content
The total phenolic content of ginseng extract was colorimetrically measured using the Folin-Denis method [20] . Ginseng extract (2 mL) was mixed with 2 mL of FolinCiocalteu reagent for 3 min. The mixture was combined with 2 mL of 10% Na 2 CO 3 , heated for 1 h, and cooled. The absorbance was measured at 700 nm using a spectrophotometer (UVmini-1240; Shimadzu). The total phenolic content was calculated on a basis of a standard curve, which was obtained using various concentrations (5-50 µg/mL) of gallic acid (Sigma-Aldrich).
Sensory analysis
Fifteen trained sensory panelists evaluated the randomly coded samples. Color, savory smell, savory taste, and overall palatability were investigated on a 9-point scale (1 = very poor, 3 = poor, 5 = fair, 7 = good, and 9 = very good) [21] .
RESULTS AND DISCUSSION
Change in extract yield
Experimental data on extract yield of explosively puffed ginseng under different conditions, designed on the basis of a central composite design, are shown in Table 1 . The extract yield of the non-puffed ginseng was 51.99%, while extract yields increased slightly (53.11-56.33%) after the puffing process. The polynomial equation calculated by the RSM program on extract yield for explosively puffed ginseng is presented in Table 2 . The value of the correlation coefficient (R 2 ) was 0.8851, indicating sig- nificance at a 10% level ( Table 2 ). The contour map of the extract yield suggested that the extract yield increased with decreasing moisture content and increasing puffing pressure (Fig. 1A) . The predicted levels of optimum puffing conditions on the maximum extract yield (56.55%) were 11.53% moisture content and 477.80 kPa puffing pressure (Table 3 ). Ryu and Remon [12] also reported that the extract yield for extruded raw ginseng increased with a decrease in moisture content and an increase in screw speed.
Change in crude saponin content
The amount and composition of ginseng saponin is well-known to change considerably during the steaming process [22, 23] . The crude saponin content of explosively puffed ginseng samples are presented in Table 1 . The crude saponin content of non-puffed ginseng was 51.69 mg/g, Table 2 ). Fig. 2B shows the contour map obtained from the equation. The crude saponin content of explosively puffed ginseng increased with reduced moisture content and increased puffing pressure. Generally, crude saponin content was more affected by puffing pressure than by moisture content. The maximum value (82.46 mg/g) of the crude saponin content predicted by RSM was obtained at 7.71% moisture content and 428.22 kPa puffing pressure (Table 3 ). An increase in the crude saponin content after puffing was also found in the study by Han et al. [9] , who reported that crude saponin content increased from 7.86% to 9.94% after puffing red ginseng tail root. Ha and Ryu [24] studied the effect of extrusion processing on crude saponin content and noted that crude saponin content of red ginseng, white ginseng with skin, and white ginseng were 4.02%, 3.56%, and 3.25%, respectively, while the crude saponin content of the ginseng samples extruded at 25% and 35% moisture content were 4.77% and 4.12%, respectively. According to their report [24] , the higher content of crude saponin could be explained by the fact that shear force occurred during the extrusion process, destroying the cell wall structure of ginseng, thereby allowing easier extraction of these components. They also reported that extrusion process with lower moisture content could increase the transformation of the cell wall structures. Additionally, Park et al. [25] reported that some polar ginseng saponins changed into nonpolar saponins, which had lower molecular weights during the roasting of ginseng. In the present study, an increase in crude saponin content during the puffing process could be associated with the facilitation of crude saponin solubilization caused by the destruction of cell walls, as well as with a reduction in saponin molecular weight by heat treatment.
Change in acidic polysaccharide content
Ginseng polysaccharides have been reported to antagonize toxohormone-L, causing reductions in body fat, loss of appetite in patients with cancer, and reductions in body weight [26, 27] . The acidic polysaccharide content of nonpuffed ginseng was 30.17 mg/g, while the acidic polysaccharide content of explosively puffed ginseng samples ranged from 30.72 to 44.48 mg/g, depending on puffing conditions. Based on these results, a quadratic equation was obtained, and the R 2 value was 0.9494, indicating significance at the 5% level ( Table 2 ). The contour map obtained from the equation is illustrated in Fig. 1C . The acidic polysaccharide content increased with decreasing moisture content and with increasing puffing pressure. The maximum value (44.62 mg/g) of acidic polysaccharide content was obtained at 10.55% moisture content and 469.53 kPa puffing pressure (Table 3 ). Ha and Ryu [24] reported that the higher acidic polysaccharide content in extruded ginseng could be related to the increased extraction rate of starch and carbohydrate from extruded ginseng, which experienced shear force and pressure as a result of thermal and mechanical energy during the extrusion process. Moreover, the acidic polysaccharide content (6.2-8.3%) of red ginseng was reported to be higher than that (4.9%) of white ginseng [28] . The higher polysaccharide content in red ginseng could be due to the hydrolysis of sugars through heat treatment and repeated dehydration in producing red ginseng, although the mechanism is still unclear. The findings suggest that the increase in the acidic polysaccharide content in the present study could be related to high shear force, pressure, and temperature occurring in the puffing process. Table 1 shows the total phenolic content of explosively puffed ginseng produced under different moisture content and puffing pressure conditions. The total phenolic content of non-puffed ginseng was 6.15 mg/g, whereas the total phenolic content of explosively puffed ginseng ranged from 7.37 to 32.44 mg/g, depending on puffing conditions. Based on these results, a quadratic equation was obtained and the R 2 value was 0.9878, indicating significance at a 5% level ( Table 2 ). Fig. 1D shows the contour map obtained from the equation. The total phenolic content increased with the decreasing moisture content and increasing puffing pressure. The maximum value (36.10 mg/g) of total phenolic content was obtained at 6.36% moisture content and 392.65 kPa puffing pressure ( Table 3 ). The phenolic acid components of ginseng include salicylic acid, p-hydroxybenzoic acid, gentisic acid, protocatechuic acid, vanillin acid, syringic acid, cinnamic acid, m-coumaric acid, p-coumaric acid, caffeic acid, ferulic acid, and maltol [3] . Han et al. [9] reported that the amounts of gallic acid, p-coumaric acid, caffeic acid, and ferulic acid decreased and the amount of syringic acid increased sixfold after puffing red ginseng tail. In the study conducted by Kim et al. [29] , total phenolic content of raw ginseng increased from 0.53% to 2.89%, depending on the frequency of steaming. Furthermore, Yang et al. [30] reported that total phenolic content in raw ginseng treated by high temperature and pressure increased with increasing temperature and time. In the present study, the total phenolic content could be increased by heat treatment during the puffing process, indicating that the bound phenolic components became free phenolic components as a result of heat treatment, thereby facilitating the extraction of phenolic components. The increased total phenolic content could be also related to the conversion of higher molecular weight phenolic compounds into lower molecular weight phenolic compounds [31] [32] [33] [34] . However, more research on this issue is needed.
Change in total phenolic content
Change in sensory properties
Puffing, which uses high temperature for a short time, accelerates the browning reaction and improves palatability, with the production of volatile flavor components [7] [8] [9] . Experimental data on sensory properties (color, savory smell, savory taste, and overall palatability) of explosively puffed ginseng under different conditions are presented in Table 4 . Color, savory smell, savory taste, and overall palatability scores ranged from 1.67 to 8.33, 2.33 to 7.00, 3.00 to 6.67, and 3.00 to 7.33, respectively. Based on the results in Table 4 , quadratic equations were obtained (Table 5 ). The R 2 value for color was 0.8976, indicating significance at the 5% level. The R 2 values for savory smell, savory taste, and overall palatability were less than 0.8, suggesting that the relationships were not significant.
The contour maps of explosively puffed ginseng on sensory properties as a function of moisture content and puffing pressure are illustrated in Fig. 2 . Higher scores of color, savory smell, savory taste, and overall palatability were obtained at 10-15% moisture content and 196 kPa puffing pressure, 15-20% moisture content, and 294-392 kPa puffing pressure, 20-25% moisture content and 196-294 kPa puffing pressure, and 15-20% moisture content and 98-294 kPa puffing pressure, respectively. Table  6 shows the predicted levels of optimum puffing conditions for sensory properties of explosively puffed ginseng by ridge analysis. The highest scores of overall palatability were obtained at 17.91% moisture content and 214.30 kPa puffing pressure.
Optimization of puffing conditions
Based on the results (Figs. 1 and 2) , the trends in extract yield, crude saponin, acidic polysaccharide, and total phenolic content of explosively puffed ginseng as a function of moisture content and puffing pressure were similar, whereas in the case of sensory properties, the trend was different from the functional components of ginseng. Thus, to optimize puffing conditions, contour maps for optimization of the functional components of ginseng and overall palatability of explosively puffed ginseng as a function of moisture content and puffing pressure were superim- (Fig. 3) . This indicated that extract yield, crude saponin, acidic polysaccharide, total phenolic content, and overall palatability of explosively puffed ginseng could be maximized when puffing was conducted at 10-17% moisture content and 294-392 kPa puffing pressure.
In conclusion, the contour maps generated by RSM were successfully applied in puffing process for monitoring and interpreting the combined effects of its operating parameters, such as moisture content and puffing pressure. The puffing conditions were optimized for functional components and sensory properties of explosively puffed ginseng. Based upon these results, the optimized puffing process could be a preferred method for producing functional ginseng products with enhanced sensory properties and reduced processing time. 
